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Abstract : He present a practical design of novel photom i crystal fibre (PCF) to investigate the nonlinear propagation of femtosecond 
pulses for the a/yphcaiion of optical coherence tomography (OCT) based on super continuum generation (SCG) process In addition this 
fxipcr contains a brief introduction of the physical phenomena of soltton and SCO Typically here we discuss him the ultra broadband 
r.hJuitum m PCF can be generated by SCG through various nonlinear effects of the fibre To accomplish the proposed aim we put forth 
lufuid core PCF (LCFCF) structure filled with chloroform for (XTT measurements of the eye From the proposed design we observe that 
proposed LCP( Fs with liquid material exhibit signifuant broadened waxe/ength spectrum w ith low input pulse energy aver small propagation 
distances for ihe OCT application 

Keywords: Soli ton fission, photonic crystal fibre, super continuum generation. 

Introduction : The term "soliton" was introduced in the 1960's, but the scientific research of soli tons had started in the 
19th century when John Scolt-Russell observed a large solitary wave in a canal near Edinburgh Solitons arc very* stable 
solitary waves in a solution of those equations As the term "soliton" suggests, these solitary waves behave like "panicles" 
\Micn they arc located mutually far apart, each of them is approximately a traveling wave with constant shape and velocity. 
As two such solitary waves get closer, they gradually deform and finally merge into a single wave packet; this wave packet, 
however, soon splits into two solitary waves with the same shape and velocity before "collision". 

The stability of solitons stems from the delicate balance of "nonlinearity " and "dispersion" in the model equations Nonlinearity 
drives a solitary wave to concentrate further, dispersion is the effect to spread such a localized wave. If one of these two 
competing effects is lost, solitons become unstable and. eventually, cease to exist. In this respect, solitons are completely 
different from "linear waves" like sinusoidal waves. In fact, sinusoidal waves arc rather unstable in some model equations of 
soliton phenomena. Computer simulations show that they soon break into a train of solitons. 

Definition: 

A single, consensus definition of a soliton is difficult to find. Drazin and Johnson (1989) ascribe 3 properties to solitons; 

1. They are of permanent form; 

2. They are localized within a region; 

3. rhey can interact with other solitons. and emerge from the collision unchanged, except for a phase shift. 

More formal definitions exist, hut they require substantial mathematics. Moreover, some scientists use the term soliton for 
phenomena lhat do not quite have these three properties. 

Review 

Ihe physics and dynamics of the fundamental discrete and gap solutions arc then anal>/cd along with those of many other 
exotic classes — c.g. twisted, vector and multi-band, cavity, spatial-temporal, random-phase, vortex, and non-local lattice 
solutions, just to mention a few. The possibility of all-optically routing optical discrete solutions in 2D and 3D periodic 
environments using soliton collisions is also presented Finally, soliton formation in optical quasi-crystals and at the 
boundaries of waveguide array structures is discussed 

A photonic crystal is a periodic optical nanostructure that afreets the motion of photons in much the same way that ionic 
lattices alTcct electrons in solids. Photonic crystals occur in nature in the form of structural coloration and animal reflectors, 
and. in different forms, promise to be useful ui a range of applications. 

In 1837 the English physicist Lord Rayleigh experimented with periodic muhi-laycr dielectric stacks, showing they had a 
photonic hand-gap in one dimension. Research interest grew with work in 1987 by Yablonovitch and John on periodic 
optical structures w ith more than one dimension—now called photonic crystals. 

The crystal can thus form a kind of perfect optical "insulator,” which can coniine light losslcssly around sharp bends, in 
lower-index media, and within wavelength-scale cavities, among other novel possibilities for control of electromagnetic 
phenomena. Now we introduce the basic theoretical background of photonic crystals in one, two. and three dimensions 
(schematically depicted in Fig.J 
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Strategies of photonic crystals 


The fabrication method depends on the number of dimensions that the 
band gap must exist in. 

1. Onc-dimcnsional photonic crystal 

2. Two-dimensional photonic crystals. 

3. Three-dimensional photonic crystals. 



Schematic of a 2D 
photonic erv stai made of 


Schematic of a ID photonic 
crystal structure 


photonic 


Explanation: 

1. One-dimensional Photonic crysteal 

In a one-dimensional photonic crystal, layers of different dielectric constant may be deposited or udhered together to form a 
band gap in a single direction. A Bragg grating is an example of this type of photonic crystal One-dimensional photonic 
crystals can be cither isotropic or anisotropic, with the latter having potential use as an optical switch. One-dimensional 
photonic crystal can form as an infinite number of parallel alternating layers filled with a met material and vacuum This 
produced identical PBG structures for TE and TM modes. Recently, researchers fabricated a grapheme-based Bragg grating 
(onc-dimcnsional photonic crystal) and demonstrated that it supports excitation of sivfacc electromagnetic waves in the 
periodic structure by using 633 nm lle-Nc lasers as the light source. Besides, a novel type of one-dimensional grapheme- 
diclcctric photonic crystal has also been proposed. This structure can act as a far-IR filter and can support low-loss surface 
plasmons for waveguide and sensing applications. 


2. Two-dimensional photonic crystals. 

In two dimensions, holes may be drilled in a substrate that is transparent to the wavelength of radiation that the band gap is 
designed to block. Triangular and square lattices of holes have been successfully employed. The Holey liber or photonic 
crystal libert (PCF) is a new class of optical fiber based on the properties of photonic crystals Because of its ability to 
confine light in hollow cores or with confinement characteristics not possible in conventional optical fiber. PCF is now 
finding applications in fiber-optic communications, fiber lasers. 
devices, high-power transmission, highly sensitive gas sensors, and other 
be made by taking cylindrical rods of glass in hexagonal lattice, and then 
and stretching them, the triangle-like air gaps between the glass rods 
the holes that confine the modes. 


3. Three-dimensional photonic crystals. 

There arc several structure types that have been constructed: 

• Spheres in a diamond lattice 

• Yabtonov he 


s or s 
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2D photonic crstal 
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• The woodpile structure - -rods" arc repeatedly etched with hcara lithograph), filled in, and covered with a la>cr ot 
new material As tl»e process repeats, the channels etched in each laser are perpendicular to the layer he low and parallel to 
and out of phase with the channels two layers below. The process repeats until the structure is of the desired height The fill- 
in material is then dissolved using an agent that dissolves the 

till-in material but not the deposition material. It is generally hard to introduce defects into this structure. 

• Inverse opals or Inverse Colloidal Cry stals-Spheres (such as polysly rcnc or silicon dioxide) can be allowed to deposit 
into a cubic close packed lattice suspended in a solvent Then a hardener is introduced that makes a transparent solid out of 
the volume occupied by the solscnL The spheres are then dissolved with an acid such as Hydrochloric acid. The colloids can 
be either spherical or no spherical. 

• A stack of two-dimensional crystals — This is a more general class of photonic crystals than \ ablonov He, hut the 
original implementation of Yablonovite was created using this method. 

. The photonic crystal beam splitter that we made is a fundamental optical component used to control polarized light.* 
explains Dr Mark Turner from Swinburne University. "Specifically what makes our device unique is its ability to directly 
work with circular polarization at a microscopic scale.* 

• Circular polarization uses 3D laser nanotechnology to exploit circular polarization to build a microscopic pnsm that 
contains in excess of 750.000 polymer nimrods. Light focused on this beam splitter penetrates or b reflected, depending on 
polari/alion. 

i or mutation and Variational Analysis of the 3-D model 

The model of a three dimensional waveguide corresponding to the outline given above is based on the follow ing variant of 3-D 
NLS equation of the local amplitude l^Z y X y y y f) of the electromagnetic field: 



(I) 


W here z b the propagation distance, x and y arc the transverse coordinates and I b the reduced time. The signs in front of the 
group velocity dispersion (GVD) u« and cubic terms correspond to the normal GVD and self dc focusing nonlinearity. ^ is the 

amplitude of the transverse modulation of the refractive index --—-(which 

is assumed sinusoidal but the results will be nearly the same for more 

realistic forms of the modulation which correspond to the actual 

photonic crystal structure), and period of modulation is sealed to be *• 

Dynamical invariants are the norm of the solution (in optics, it is ^ 

energy). In order to find for the linear spectrum of the model, we *°°* 

for the solutions to be linearized version of eqn (1) as 



A woodpile structured 3D photonic 


u(z,x y y t r) = exp(i/3z - ia)t\F E (x)+ F E (y)] 


( 2 ) 


where P b the real propagation constant. tu is the arbitrary real eigen value. 


E = o) 1 - ip 


(3) 


and Frfx) and Fgty) are the solution of Mathieu equations. 


F" + 2f cos(2 x)F + EF - 0 
F * + 2f cos(2 y)F + EF = 0 


(5) 
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als ol the %aluc o1 £. w ith.n which no regular duas.-pcr.odic solution of Eq (7) and (8) can be found I low ever lor all 
large values of£(£>> € Inowlucol^ may lie in the forbidden bandgap Indeed any real value of the propagation constant 

can be constructed as P = {t? ~E)/2. by taking very large £ and accordingly very large (O 

« r " "““ y -*—•«-»- «*», «*«, u, 

M (*» x t y, r) = Ae [x sin ax + y 1 sin Ayjsec h(at ) (6) 

^. b arC tramvcrsc - a “ longitudinal inverse widths of the soli ton and 4 is the amplitude 
2L° n '° *» “« VIIOHW dilTcnm 

.h, P~«kl r »«1 fo. * - AT. - K T* >te) ,. <#?W<Q implte apbili,, „r . c „, d , n , w Ihe 

Vakhilov-Kolokov entenonL 

The stability of 3-D solitons predicted by VK criterion is corroborated by direct numerical simulations. As the Vk erif«4«n 
ignores complex stability eigenvalues, the 3-D solitons may be unstable. More perplexing is the fact that some c,-,iir, . .• 

Result* tC m ° del Wi ‘ h CUbiC <,UinUC n0nHnCari,y lHj " “ rC formall > Predicted to be VK unstable, are in reality completely “TblT 

The .^ y “ Cal m ‘ Hieh 1 °, f “*'* ‘ >pe cmcr 8 e in the context of Bose-Einstein condensation (BEC) where the periodic potential « 
mTnlincaTonLcTh! !*"“?. (OL) ’ in ‘ crfc rcncc pattern formed by coherent beams illuminating the Condensate and in 

JDhsnd^D^fiuxia^ Additiomlly* DM^b^^ri^^aparitKtk^lanlcepMo^ai 

he underlying M-VGP equations. A conclusion obtained by means of these methods is that, unlike their ID counterparts 
multidimensional solitons in periodic potentials can exist only in a limited domain of the (N. e) plane where N and c iTc the 

existence of 2D solitons supported by lattice ^temialsTErU.^'Tc^avtT^bi^.U ^a“ “^thT"2D°NLS 

zzr* Msttzstts&ssr ia ,h * of ,h '* ->— 

CmcUm 

The solitons are solutions of a mixed type, as in the free (longitudinal, alias temporal) direction they are regular solitons. while 

sol it m»ThI erSC J ' r ‘ Xt,0n< ^ ) tM j y arc “Ejects of the gap-soliton type (hence the solution as a whole was called a semi-gar 

n r r dr ” ** h" 0 ’ ^ n ° rm ° f lh " *>'«*" (*" <*»« words, the nonlinearin s^ngth^ 
the strength e of the spatially periodic transverse potential exceed certain minimum values, otherwise the pulses decay into 

m n^ y - the | SO,,, ° ra “* much m0fC to e than to * The results reported 2 

orl^ that should be aimed at accurate identification of borders of the solitons’ stability regions especially in the JIJ model 

^uZ? , d^e r Tn ing VCTX ,naM, ' C ‘ imU, “ ti0nS> - 
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